We report on the electronic properties of superlattices composed of three different antiferromagnetic insulators, NdMnO 3 /SrMnO 3 /LaMnO 3 grown on SrTiO 3 substrates.
We report on the electronic properties of superlattices composed of three different antiferromagnetic insulators, NdMnO 3 /SrMnO 3 /LaMnO 3 grown on SrTiO 3 substrates.
Photoemission spectra obtained by tuning the x-ray energy at the Mn 2p → 3d edge show a Fermi cut-off, indicating metallic behavior mainly originating from Mn e g electrons. Furthermore, the density of states near the Fermi energy and the magnetization obey a similar temperature dependence, suggesting a correlation between the spin and charge degrees of freedom at the interfaces of these oxides. Interfaces between dissimilar materials such as transition metal oxides, give rise to electromagnetic properties and functionalities not exhibited by the individual materials alone [1] [2] [3] [4] [5] [6] .
Examples include the presence of artificial charge-modulation at the near-interface of a super- unit cell, 42), (2, 21) . Structural and topographic characterization confirmed the presence of sharp interfaces with roughness less than one unit cell and surface roughness around 2Å 14 .
The shallow core-level photoemission spectroscopy (PES) spectra of Sr 3p, Nd 4d, and La 4d electrons measured at 920 eV ( Fig. 1 ) add credence to the high quality of the samples.
When comparing the films with n=1 and n=2, we expect that in the case of n=2, PES predominantly probes the topmost layer, NdMnO 3 . Consequently, the peak intensity of Nd atoms is stronger for the film with n=2. On the other hand, the peak from La atoms which is present in the third layer from the surface, is clearly observed for the film with n=1.
This difference between the films with n=1 and n=2 indicates little intermixing between the layers.
In the case of a charge transfer scenario of the Mg e g electrons across interfaces, we expect increases (schematic drawing in Fig. 3(a) ). We assume the probing depth at normal emission (θ = 0 • ), with a kinetic energy of photoelectrons of around 640eV, to be approximately 10Å 21 and to decay exponentially away from the surface. The spectra were obtained at 100K while the resonant energy was kept at 643eV to enhance the Mn 3d contribution (the spectra were normalized to a single integral intensity after removing Shirley backgrounds 22 ).
We find the metallic Fermi cut-off diminishes with decreasing probing depth and is absent for θ approaching 60
• (approximately half the probing depth of normal emission). As θ becomes grazing, the decrease in probing depth obstructs the detection of the buried metallic To clarify the relation between the spectral weight and magnetism, we compare to bulk magnetization data obtained for the same samples studied here 14 . A corresponding decrease in magnetization with increasing temperature suggests a link between magnetism and charge reconstruction at the Fermi energy. A similar experiment on a superlattice with n=1 yields spectra ( Fig. 3(c) ) of comparable intensity in that temperature region. The observed trend is in accordance with corresponding, albeit weak for this system, changes in the magnetization adding credence to the correlation between spin and charge dynamics of these devices.
Earlier work reports a similar temperature dependence of spectral weight near the Fermi energy and the magnetization in La 0.6 Sr 0.4 MnO 3 , again indicating a correlation between the electronic and magnetic degrees of freedom 24 .
In summary, we fabricated superlattices composed of three types of AF insulators namely, 
